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摘  要 
 
I 
摘  要 
 




DNA, mtDNA）序列分析和微卫星 DNA 标记对其线粒体基因组全序列和群体遗
传学进行了研究，阐明小黄鱼的起源与进化、系统地理格局、群体遗传结构和种
群组成，为小黄鱼的资源管理和保护提供理论依据。主要研究结果如下： 
1. 针对鲈形目鱼类 mtDNA 各基因保守区段设计引物，结合长片段扩增策
略，测定了小黄鱼的线粒体基因组全序列，全序列长度为 16470bp，包括 13 个
蛋白编码基因、2 个核糖体 RNA、22 个 tRNA 和非编码区。H 链编码的 12 个蛋
白和 14 个 tRNA 基因的碱基组成均有明显的反 G 偏倚，而 L 链编码 ND6 和 8
个 tRNA 均呈显亲 G 和 T 偏倚。13 个编码蛋白质基因均以 ATG 为起始密码子。




与准确转录需要有关。小黄鱼 mtDNA 控制区长度为 799bp，5’端含有 9 个连续
TA 串联重复和 2 个 5’-ATGTA---TACAT-3’重复。中央控制区仅识别出 CSB-E
结构；保守序列区含有 CSB-1, 2, 3，其中以 CSB-2 为保守。 
2. 对采自渤海、黄海和东海的 7 个小黄鱼群体的 mtDNA 控制区全序列进
行分析，研究小黄鱼的系统发育地理格局和群体历史动态。在 127 个个体中检测
到 125 个单倍型。7 个群体的单倍型多样性都非常高（h=1.000），核苷酸多样性
处于中等水平（π=0.0112-0.0141）。单倍型邻接关系树的拓扑结构显示，小黄鱼
群体内存在 2 个单倍型类群（A 和 B），但这 2 个单倍型类群在 7 个地理群体中
的分布频率无显著差异，没有检测到与采样地点相对应的分支。两两群体间的
FST 值均较低，为-0.0181 至 0.0259，且统计检验均不显著（P>0.05）。AMOVA

















鱼的 2 个单倍型类群都经历了晚更新世的群体扩张，类群 A 和类群 B 的群体扩











































The small yellow croaker Larimichthys polyactis (Bleeker 1877), is a 
warm-water demersal fish and is widely distributed in the Bohai Sea, Yellow Sea and 
East China Sea. This fish is one of the most important species of fishery resources in 
China, Korea and Japan. The resource of L. polyactis has significantly been 
decreasing due to overfishing and environmental pollution, which has leaded its 
population to a simple structure. In this study, the sequence analysis of mitochondrial 
DNA (mtDNA) and microsatellite markers were employed to analyze the complete 
mitochondrial genome sequences and genetic population of L. polyactis. Our findings 
will provide insight into the future fishery management and conservation for L. 
polyactis. The main results of the present study are as follows: 
1. Based on the conserved region in mitochondrial DNA of Perciformes, we 
determined the complete 16470bp sequence of the mitochondrial DNA of L. polyactis 
by long PCR technique. It contained 13 protein-coding genes, two rRNA genes, 22 
tRNA genes and nocoding region. Base composition of 12 protein-coding genes and 
14 tRNA genes in H strand were characterized by negative bias for G, and ND6 gene 
and 8 tRNA genes in L strand were characterized by positive bias for G but negative 
bias for T. All protein-coding genes of L. polyactis mitochondrial genome used ATG 
as the initiation codons. Seven protein-coding genes terminated with TAA , COI gene 
ended with TGA, ND1 and ND3 genes ended with TAG , and COII, ND4 and Cyt b 
genes ended with incomplete stop codon, a single stop nucleotide T. Two putative 
hairpin structures were detected in this species. The first putative hairpin structure was 
detected in the origin of light strand replication (OL). And the second clover-leaf 
structure was identified in the end of ATP6 gene; this structure might be related to the 
mtDNA transcription. The control region of L. polyactis is located between tRNAPro 
and tRNAPhe, with 799bp in length. Nine copies of TA tandem repeats and two repeats 
“---ATGTA---TACAT---” were detected in 5’ end of control region. Only CSB-E was 















CSB-2 and CSB-3 of L. polyactis were found at the 3’end of the control region. 
CSB-2 was most conservative in fishes. 
2. One hundred and twenty seven individuals of L. polyactis were sampled from 7 
localities throughout the coast waters of the Bohai Sea, Yellow Sea and East China 
Sea, to estimate the phylogeographic pattern and demographic history based on the 
complete mtDNA control region sequences. A total of 136 polymorphic sites was 
detected in the 798-801bp of the complete control region among 127 individuals of L. 
polyactis, defining 125 haplotypes. High haplotepe diversity (h=1.000) and moderate 
nucleotide diversity (π=0.0112-0.0141) were observed within each population. The 
topology of the neighbor-joining tree of L. polyactis haplotypes was assigned into two 
closely related clades (clade A and B). However, these two clades did not appear to 
have geographic structure, and there were no significant genealogical branches or 
cluster of samples corresponding to sampling location. All the pairwise comparisons 
of FST were low, ranging from -0.0181 to 0.0259, and statistically not significant 
(P>0.05). The analysis of molecular variance (AMOVA) showed that most of the 
variances were found within populations. Genetic differentiation among seven 
populations was further tested by the nearest-neighour statistic (Snn). The test was not 
significant (Snn=0.138, P=0.504) for all sequences. The neutrality tests and mismatch 
distribution analysis revealed that L. polyactis had undergone population expansion in 
the late Pleistocene. And population expansion occurred approximately at 133000 
years ago for the clade A, while 147000 years ago for the clade B. The lack of 
significant phylogeographical structure in the mtDNA control region of L. polyactis 
may reflect a recent range expansion in China coastal waters and insufficient time to 
attain migration-drift equilibrium. 
3. Seven microsatellite loci were used to analyze the temporal and spatial genetic 
variation in L. polyactis population from the six localities throughout its distribution 
range. Seven populations of L. polyactis were analyzed, including 2 temporal 
spawning populations (F1 and F2) with two consecutive years (2007-2008) from the 
same localities in the coast water of East China Sea and 5 geographic populations (A, 















different alleles were detected among 269 individuals of L. polyactis, and the number 
of alleles per locus ranged from 6 to 17. The average number of alleles per population 
ranged from 6.714 to 8.857, the average of observed heterozygosity (HO) and 
heterozygosity (HE) ranged from 0.452 to 0.644 and 0.649 to 0.757. Chi-square test 
was used to analyze the genotypes based on Hardy-Weinberg equilibrium, the P value 
denoted that five of seven loci deviated equilibrium in all populations and other two 
loci deviated equilibrium 3 populations at least. Nei’s standard genetic distance, 
UPGMA dendrogram, Fisher exact test and pairwise comparisons of FST revealed no 
significant population differentiation between the two temporal populations (F1 and F2) 
in the East China Sea as well as between four populations (A, B, C and D) in the 
Bohai-north Yellow Sea. While a significant population differentiation was found 
between Bohai-north Yellow Sea populations (A, B, C and D) and the south Yellow 
Sea population (E) or East China Sea populations (F1 and F2). The analyse of 
AMOVA also revealed no significant genetic differences between populations within 
Bohai-north Yellow Sea stock (A, B, C and D), South Yellow Sea stock (E) and East 
China Sea stock (F1 and F2) (Φsc=-0.0042，P=0.998), but significant among these three 
stocks (Φst=0.0579，P=0.000). Among sample sites for L. polyactis, a Mantel test 
showed a significant relationship (P=0.008, r=0.66) between FST/(1-FST) and 
geographic distance, indicating isolation by distance. Geographic distance explained 
66% of the variation in genetic differentiation in this species. Our results indicated 
that there existed genetic homogeneity in the fine temporal scale, and three 
geographic stocks with significant genetic differentiation in the large spatial scale and 
without significant differentiation beween populations within the Bohai-north Yellow 
Sea stock. The migratory patterns and isolation by distance could be responsible for 
the population genetic structure in L. polyactis. 
 
Key words: Larimichthys polyactis; mitochondrial genome; mtDNA control region; 













第一章 绪  论 
1 


























性（Restriction fragment length polymorphism, RFLP）、随机扩增多态性 DNA
（Random amplified polymorphic DNA, RAPD）、扩增片段长度多态性（Amplified 













第一章 绪  论 
2 
SSR）和线粒体 DNA（Mitochondrion DNA, mtDNA）等。 
理想的分子标记应该是检测多态丰富、共显性遗传、选择中性、重复性高、






传学的主流工具。本项研究主要是应用 mtDNA 和 SSR 标记来探讨小黄鱼的分子
系统进化及其群体遗传结构。因此，在本章的文献综述中，我们将介绍鱼类
mtDNA 基因组、mtDNA 标记在海洋鱼类群体遗传学中的应用、SSR 标记在海洋







等首次报道了鱼类线粒体基因组的结构，建立了鲤鱼 mtDNA 11 种限制性内切酶
的物理图谱。此后，随着分子生物学技术的发展，鱼类 mtDNA 的信息、结构和
功能遗传、mtDNA 的进化速率、mtDNA 在系统进化中的应用、mtDNA 在起源
进化及群体遗传分化中的应用等各方面已有大量的研究报道（吕国庆和李思发，
1998；肖武汉和张亚平，2000；昌永华和余来宁，2002；郭新红等，2004；袁娟
等，2008）。截至 2009 年 9 月，NCBI 已记录了硬骨鱼纲（Osteichthyes）126059
条、鲈形目（Perciformes）55188 条和石首鱼科（Sciaenidae）1692 条 mtDNA 基
因片段，其中 mtDNA 全序列分别为 1513 种、313 种和 1 种。 
 
1.1 鱼类线粒体基因的结构组成 
与其他脊椎动物类似，绝大多数的鱼类 mtDNA 由 37 个编码基因（包括 13
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